Active targeting of block copolymer micelles with trastuzumab Fab fragments and nuclear localization signal leads to increased tumor uptake and nuclear localization in HER2-overexpressing xenografts.
Block copolymer micelles (BCMs) have been employed as effective drug delivery systems to solid tumors by virtue of their capacity to transport large therapeutic payloads and passively target tumor sites. Active targeting of nanoparticles (NPs) has been exploited as a means to increase the therapeutic efficacy of NP-based drugs by promoting their delivery to cellular sites of action. Effective whole tumor accumulation and cellular uptake constitute key objectives in the success of preclinical drug formulations, although they have seldom been investigated concurrently in vivo. The current study aims to elucidate the in vivo fate of 31-nm-sized block copolymer micelles (BCMs) targeted to the nucleus of HER2-overexpressing breast cancer cells. Pharmacokinetics, biodistribution, tumor uptake, and intratumoral distribution of BCMs were investigated in mice bearing subcutaneous BT-474 and MDA-MB-231 xenografts expressing high and low levels of HER2, respectively. Radiolabeling with (111)indium enabled quantitative assessment of BCM distribution at the whole body, tissue, and cellular levels. Surface-grafted trastuzumab Fab fragments (TmAb-Fab) facilitated binding and internalization of BCMs by HER2-positive breast cancer cells, while synthetic 13-mer nuclear localization signal (NLS) peptides conjugated to the TmAb-Fab conferred nuclear translocation capability. Active targeting of BCMs led to a 5-fold increase in tumor uptake in HER2-overexpressing BT-474 tumors, alongside a correspondingly greater level of cellular uptake and nuclear localization, relative to the nontargeted formulations. This study distinctively highlights the quantitative evaluation of active targeting on tumor, cellular and subcellular uptake of BCMs and presents a promising platform for the effective delivery of chemo- and/or radiotherapy in vivo.